ZrSiS was recently shown to be a new material with topologically non-trivial band structure which exhibits multiple Dirac nodes and a robust linear band dispersion up to an unusually high energy of 2 eV. Such a robust linear dispersion makes the topological properties of ZrSiS insensitive to perturbations like carrier doping or lattice distortion. Here we show that a novel superconducting phase with a remarkably high T c of 7.5 K can be induced in single crystals of ZrSiS by a non-superconducting metallic tip of Ag. From first-principles calculations we show that the observed superconducting phase might originate from dramatic enhancement of density of states due to the presence of a metallic tip on ZrSiS. Our calculations also show that the emerging tip-induced superconducting phase co-exists with the well preserved topological properties of ZrSiS. * Electronic address: prabhat.mandal@saha.ac.in † Electronic address: goutam@iisermohali.ac.in 1 arXiv:1802.07993v1 [cond-mat.supr-con] 
It is widely believed that inducing superconductivity in topologically non-trivial materials might eventually lead to the discovery of topological superconductors where the elusive particles called Majorana fermions can, in principle, be realized in the vortex state. [1] [2] [3] [4] Motivated by this idea, efforts have been made to induce superconductivity through a number of methods including chemical doping [5] [6] [7] [8] and applying pressure 9-12 on topological materials.
As a result, superconductivity was observed in a number of topological systems upon chemical doping (e.g., Cu-intercalated Bi 2 Se 3 ) 5 and applying pressure (e.g.,Bi 2 T e 3 ) 12 . However, such methods worked only on a very limited number of systems. Recently, it was shown that a novel mesoscopic superconducting phase can also be induced in a non-superconducting topological system simply by making a point contact with sharp needle made of a simple elemental normal metal. 13, 14 The observed supercondcuting phase originating only under a point of contact is known as tip-induced superconductivity (TISC). This discovery expanded the landscape over which the possibility of a topological superconductor can be explored.
In this paper, we report the discovery of TISC in a novel topological material ZrSiS.
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The TISC on ZrSiS shows a critical temperature (T c ) of ∼ 7.5 K and a superconducting energy gap ∆ (T =0) ∼ 1 meV. Such discovery is particularly important because ZrSiS is known to show a linear band dispersion over a large energy range ∼ 2 eV 17 whereas the linear extent for most of the other topological materials is limited up to few hundred meV from respective Dirac points. 18, 19 This makes the topological properties of ZrSiS extremely robust against carrier doping, variation of stochiometry and other external perturbative effects thereby implying that when a superconducting phase is realized on ZrSiS point contacts, the topological properties of ZrSiS are not expected to be destroyed merely by the presence of a metallic tip forming the point contacts. Therefore, the superconducting phase realized on ZrSiS does not emerge at the expense of the topological nature of ZrSiS. This makes ZrSiS the most promising candidate for a topological superconductor and the idea is also supported by our first-principles calculations.
The ZrSiS single crystals were grown in standard iodine vapor transport method. The polycrystalline powder was prepared in two steps. At first, elemental Si (Strem Chem.
99.999%) and S (Alfa Aesar 99.9995%) were mixed in stoichiometric ratio (1:1) and heated at 1000 o C under vacuum. The resultant powder was mixed with elemental Zr (Alfa Aesar 99.9%) and again heated at 1100 o C. This polycrystalline ZrSiS along with iodine (5mg/cm 3 )
were sealed in a quartz tube under vacuum and kept in a gradient furnace for 72 h. During this period, a temperature gradient of 100 o C was maintained along the quartz tube with hotter end at 1100 o C. Shinny rectangular plate like crystals were obtained at the cooler end. The single crystals have been characterized by high-resolution transmission electron microscopy (HRTEM) and energy-dispersive X-ray (EDX) spectroscopy in a FEI, TECNAI G2 F30, S-TWIN microscope operating at 300 kV. The details of characterization techniques are described elsewhere. Figure S1 in the supplementary materials). The experiments were performed on two independently grown single crystals in order to confirm the reproducibility of the results (see Figure S3 , S4, S5 in supplementary materials). A lock-in based modulation technique was used to measure the differential conductance, dI/dV of the point-conatcts as a function of an applied dc bias, V (see Figure S2 in supplementary materials).
Usually, for mesoscopic point contacts, the resistance R P C is given by Wexler's formula 1 :
, where h is Planck's constant, e is the charge of a single electron, a is the contact diameter, k F is a Fermi momentum, Γ(l/a) is a slowly varying function of the order of unity, ρ is the bulk resistivity of the material and T is the effective temperature at the point-contact. which is qualitatively similar to the bulk resistance and depends directly on the resistivity of the materials forming the point contact. The Wexler's formula also suggests that when the contact diameter is small compared to electronic mean free path i.e., when the contact is in the so-called ballistic regime, R S dominates and in the other extreme called the thermal regime, R M contributes most to R P C . Therefore resistive transitions lead to non-linearities in the I − V characteristics corresponding to R M of point-contacts. 23 For superconducting point contacts in the thermal regime, as the current through a point contact goes down below the critical current (I c ) associated with the point contact, the resistivity (ρ) of the superconducting component of the point contact will be zero leading to a sharp change in R M . 23, 24 This change introduces a large non-linearity in the I − V characteristic of a thermal regime point contact, resulting in two sharp dips in the differential conductance (dI/dV ) vs dc bias (V ) spectra. Such dips are seen to be symmetric about V = 0 and the position of the dips normalized by the normal state resistance of the point contacts provides a direct estimate of the magnitude of I c .
In order to highlight the points discussed above directly, in Figure 1 of Nb at 9.2 K. The R − T evolves systematically involving a monotonic decrease in T c with increasing magnetic field (H).
In the R −T data obtained from Nb point contacts, it is clear that the resistance does not become zero down to 1.4 K. This shows that for a superconducting point-contact, the contact resistance does not become zero. This is primarily due to several reasons including (i) the existence of a non-superconducting component of the point-contact, (ii) a small contribution from Sharvin's resistance that might be present even when the contacts are far from the ballistic regime and (iii) possible mismatch of the Fermi-velocities in the two materials forming the point-contact. 25 Hence the measurement of "zero-resistance" is not a hallmark signature of superconductivity in a superconducting point contact. However, despite the absence of a zero-resistance in the measurement, from other hallmarks of supercondcutivity like, the field dependent critical current, combined with the field dependent R − T data, a mesoscopic tip-induced superconducting (TISC) phase emerging only under a point contact can be detected and verified. In Figure 2 (c) we present the magneto-transport data on ZrSiS/Ag point contacts. The superconducting transition temperature (T C ) is seen to be 7.5 K. This value is remarkably high and comparable to the T C of the celebrated elemental superconductors like Pb and Nb.
The critical temperature decreases monotonically with increasing magnetic field. Again, the zero resistance state cannot be directly measured for reasons discussed before. The H − T phase diagram extracted from these data has been shown in Figure 2 Figure 2 (f) we have also provided similar data extracted from the magnetic field dependent point contact spectra obtained on superconducting Nb (Figure 2(b) ).
To provide further support for the superconducting origin of the spectra presented here,
we have performed detailed temperature dependence of the spectra. In Figure 3 (a) we show the temperature dependence. The spectral features disappear at the critical temperature.
We have also extracted the temperature evolution of the critical current dominated I − V following the same protocol discussed above (Figure 3(b) ). For comparison, we have also included the temperature dependent data on superconducting Nb point contacts ( Figure   3(c, d) ).
Even when a point contact is in the thermal regime of transport, as per Wexler's formula In order to understand the mechanism through which superconductivity might be induced in the system, we have carried out first-principles calculations and investigated the change in Fermi surface properties of ZrSiS due to the presence of a metallic tip. Our first-principles calculations are based on density functional theory, within the projector augmented wave formalism. [27] [28] [29] The wave functions were expanded in the plane wave basis with 400 eV cutoff. The structures were fully optimized using 31×31×19 Monkhorst-Pack k-grid to sample the Brillouin zone. The Perdew-Burke-Ernzerhof functional form of generalized gradient approximation was used to describe the exchange-correlation energy. lattice parameters for bulk P 4/nmm ZrSiS (Figure 4(a) , a = 3.55 and c = 8.14Å) are in excellent agreement with the experimental results. 17 The electronic structure of bulk ZrSiS hosts several Dirac cones along ΓX, MΓ and AZ lines (Figure 4(b) ). However, due to the It is true that in point contact spectroscopy, some amount of pressure is applied underneath the tips. Hence, it is also important to look at the possibility of a pressure induced superconducting phase in ZrSiS. However, first of all, a high pressure superconducting phase of ZrSiS is not known to exist. In the high-pressure transport measurements on ZrSiS in our lab we did not find any signature of superconductivity in the system up to 8 GPa.
Furthermore, by including the effect of strain in our calculations, did not find any significant change in the fermi surface density of states. Therefore, it is most likely that the exotic superconducting phase emerging under the point contacts on ZrSiS do not arise from pressure.
In the light of our experimental and theoretical investigations it might be rational to surmise that pristine ZrSiS might be on the verge of a superconducting ground state, but some intrinsic processes like order parameter fluctuations due to the fragility of phase coherence destabilize such a ground state. In the past, it was shown that a non-superconducting system possesing a phase-fluctuating supercodnucting order parameter might be stabilized into a supercondcuting ground state simply by increasing the stiffness of the fluctuating phase of the complex superconducting order parameter through an enhancement of superfluid density.
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Such an idea is consistent with our observation of tip-induced superconductivity in ZrSiS,
where the sole role of the tip is to increase the local density of states leading to an increase in local superfluid density.
In conclusion, we have shown that superconductivity can be induced in the topological semimetal ZrSiS using a metallic tip. The transition temperature of such a phase is very high 
Supplementary materials Point-contact Spectroscopy
Point-contact spectroscopy experiments were performed using a home-built lowtemperature probe. The probe consists of a long stainless steel tube at the end of which the probe-head is mounted. The probe head is equipped with a 100 threads per inch (t.p.i.)
differential screw that is rotated by a shaft running to the top of the cryostat. The screw drives a tip-holder up and down with respect to the sample. The sample-holder is a circular copper disc of diameter 1". A cernox thermometer was mounted on the copper disc for the measurement of the temperature. The temperature of the disc was varied by a heater mounted on the same copper disc (as shown in Figure S1 ).
Tip

Sample
Sensor
Heater Point-contact probe The tips were fabricated by cutting the metal wire (diameter 250 µm) at an angle. The tip was mounted on the tip holder and two gold contact leads were made on the tip with silver epoxy. The samples were mounted on the sample holder and two silver-epoxy contact leads
were mounted on the sample as well. These four leads were used to measure the differential resistance (dV /dI) across the point-contacts.
The point-contact spectra were captured by ac-modulation technique using a lock-in- and the ac output voltage was measured by a lock-in amplifier working at 721 Hz. The first harmonic response of the lock-in could be taken to be proportional to the differential change in the voltage dV /dI. Properly normalized dI/dV is plotted against V to generate the point-contact spectrum. The software for data acquisition was developed in house using lab-view. How did we determine the critical temperature (T c )?
For all the point-contacts reported here we have measured the temperature (T ) dependence of the point-contact resistance (R) with V = 0. The R -T data show a broad transition to the superconducting state. We have drawn the slope of the R -T curves above and below the onset of transitions. The temperature at which the two slopes for a given R -T curve meet has been taken as the T c for the corresponding point-contacts. It is important to note that for the ballistic point-contacts we cannot measure the T c as for such point-contacts the contact-resistance depends only on fundamental constants and remain temperature independent. However, from the thermal limit point-contacts we learn that the T c does not have a strong dependence on contact size for a given sample.
Determination of the I − V characteristics corresponding to R M For a point-contact between two different materials, the resistance is given by Wexler's formula 1 that has contribution from both ballistic or Sharvin's resistance (R S = 2h/e 2 (ak F ) 2 ) and thermal or Maxwell's resistance (R M =
ρ(T ) 2a
). R S is always finite and depends only on fundamental constants namely the Planck's constant (h) and the charge of a single electron (e). R M is directly dependent on the resistance of the materials forming the pointcontact and therefore becomes zero in the superconducting state. The measured data on the point-contacts have contribution of both R M and R S . As per Wexler's formula, the total point-contact resistance is R = R S + R M . In order to extract the I − V corresponding to the R M component alone we have subtracted the ballistic component (R S ) from the total resistance (R). The ballistic I − V for superconducting point-contacts is dominated by Andreev reflection. The Andreev reflection dominated ballistic I − V was calculated as discussed below using standard BTK theory 2 for superconducting point-contacts and the data before and after subtraction are presented in Figure 2 (e,f) and 3 (b,d) of the manuscript.
As per BTK theory, the I − V characteristics of a superconducting point-contact can be generated by using the expression of the current through a ballistic interface given by
where, A(E) is the Andreev reflection probability and B(E) is the normal reflection probability.
A(E) and B(E) were calculated using the following formula:
Since the superconducting phase is found to be unconventional, in order to make the analysis more general, for our simulation we have used the modified BTK formula that also accounts for finite quasiparticle lifetime (Γ) at the interface as described by Plecenik et.al. 3 :
A(E) = aa * and B(E) = bb * , where the coefficients a and b are given by 
Z is the dimensionless parameter used in BTK theory and it is directly proportional to the strength of the potential barrier at the point-contact interface. For all our simulation the value of Γ remained zero. The constant C has been determined by matching the scales of the experimental data and the theoretical curves.
Additional experimental data This spectrum was obtained far away from the ballistic regime and consequently the flat region at low bias is absent. 
